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Reply to “Comment on ‘Black Holes are neither Particle Accelerators nor Dark
Matter Probes’ ”
A 2009 result in the study of geodesics in Kerr space-
time has stirred a debate, primarily centered on the prac-
tical relevance of the result, hereafter called the “BSW
effect” [1]. The effect, which can be summarized as the
divergence of the center-of-mass (CM) energy for collid-
ing particles as they approach the Kerr horizon, has been
suggested as a means of studying possible dark matter
annihilations, or even probing the Planck scale. How-
ever, we showed that for the specific example explored
in a followup paper from the original BSW authors [2],
that the energy reaching a distant observer in that case
is actually a decreasing function of the collisional radius,
and is therefore vanishingly small at radii where the BSW
effect predicts large CM energies. This conclusion is cor-
rect; the photon formed from a collision just outside the
horizon can suffer a diverging redshift with decreasing
radius at a rate that exceeds the divergence of the CM
energy, and thereby results in a vanishing energy reach-
ing infinity. As stated in [3], the outgoing energy of the
escaping particle is given by
E∞, tot = (αγ + ℓω + urvr)mχ , (1)
where two particles with rest mass mχ collide, with one
particle having angular momentum and radial velocity of
ℓ and ur and the other having angular and radial veloci-
ties of ω and vr relative to local zero angular momentum
observers (ZAMOs), γ is the relative Lorentz factor be-
tween the two colliding particles, and α ≡ dτ/dt in this
context is the gravitational redshift of the CM frame.
Only the first term in Eq. (1) can be considered as en-
ergy resulting from the collision, and therefore from the
BSW effect, since it stems from the diverging term 2γm2
appearing in E2cm (see Eq. 3 below). Nonetheless, Za-
slavskii is quite right that the true total energy at infin-
ity must include the other terms. Indeed, although our
Eqs. 6 and 7 in [4] apply only to the BSW contribution
to the total energy, we include the standard collisionless
contribution to the energy due only to the dynamics of
any particle within the ergosphere of a Kerr black hole
when we say that the maximum total energy reaching
infinity as r →M is simply mχ, despite the fact that our
Eq. 7 for E∞ clearly vanishes in this limit. In this case,
the total energy at infinity results solely from the term
mχℓω, with max(ℓ) = 2 and ω = ΩH, where ΩH = 1/2
is the angular velocity of the horizon. Unfortunately, in
[4] we referred to both the true total energy at infinity,
E∞, tot, and the contribution from BSW, E∞,BSW, by the
same name “E∞”, which no doubt has contributed to the
confusion on this point. In the case where ℓ = 0, for ex-
ample, E∞, tot ∝ r − 1, whereas E∞,BSW ∝ (r − 1)
3/2
as given in Eq. 7 of [4], indicating that the BSW ef-
fect is the subdominant contribution to the total energy
in this case. The first term in Eq. 1 must be dominant
and E∞ ≈ αγmχ must be satisfied for the BSW effect
to have any hope of “probing the Planck scale” by yield-
ing E∞, tot ≫ mχ. As has been shown in [5], however,
this condition is never satisfied, and 0<−E∞, tot<∼ 2mχ, so
BSW can never probe energies larger than the rest mass
of the infalling particles.
The second point of contention in [3] relates to con-
fusion between the CM energy, Ecm, and the energy ob-
served by the local zero angular momentum (ZAMO) ob-
servers, Eloc. Zaslavskii assumes that the collision prod-
ucts are massive particles, and therefore one must con-
sider the rest masses of the individual particles, as well
as the relative Lorentz factor of the collision products
when relating Eloc to Ecm. However, in [4] we explicitly
assume that the collision creates two photons. Therefore,
we immediately find that
E2cm = 2k3µk
µ
4
= E2loc , (2)
is satisfied, contrary to the claim in [3], where k3µ and
k4µ are the wave four-vectors of photons 3 and 4, which
satisfy k3 0 = k4 0 and k3 i = −k4 i for the case consid-
ered in [2, 4] where the CM frame has zero angular mo-
mentum. Furthermore, even for collision products with
masses m3 = m4 = mχ, if we use Eq. 2 from [3], and
take the limit where the BSW effect dominates the CM
energy, we find
E2cm = m
2
3 +m
2
4 + 2m3m4γ(3, 4)
≈ 2m3m4γ(3, 4) = (2mχγ(3,CM))
2 = E2loc , (3)
Therefore, our asymptotic behavior in Eq. 7 of [4] is
correct.
To eliminate any possibility for further confusion re-
garding energies, observer frames, or particle types, we
will focus here exclusively on the flux, which, as can eas-
ily be shown using the formalism in [2] with the key cor-
rections given in [4], is many, many orders of magnitude
too small to be observed with current (or foreseeable)
instruments. This was, in fact, the main conclusion we
intended the reader to draw from [4], with the poten-
tially vanishing energy of the miniscule number of es-
caping particles being, at most, a side note, particularly
since variations on this point had already been made by
other authors in the BSW context. In Fig. 1, we show
the integrated flux Φ reaching an observer at a distance
of 10 kpc from inside radius r (solid line). This flux will
include photons over the full range of allowed energies.
For comparison, we also show the flux sensitivity of the
Fermi Large Area Telescope (LAT) for a one year ex-
posure, which is ∼ 2 × 10−10 photons/cm2/s = 6 × 107
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FIG. 1: Integrated flux Φ reaching an observer at DL = 10
kpc from inside radius r (solid line), compared to the flux
sensitivity of the Fermi LAT for a one year exposure (dashed
line).
photons/km2/yr [6] (dashed line). The flux from the re-
gion r <− 1.1M , which is frequently used as a reference
interval wherein the BSW effect is important, is ∼ 16 or-
ders of magnitude too faint to be observed. To put this
in perspective, the LAT, with a collecting area of ∼ 2m2,
would need to operate for ∼ 1014 years to detect a single
BSW photon from a galactic source.
We hope to have clarified the points of apparent dis-
agreement with [4] that were recently brought up by Za-
slavskii in [3]. Furthermore, we note our mutual agree-
ment with Zaslavskii that the BSW effect yields no ob-
servable flux. Speaking for ourselves, and not necessarily
for Zaslavskii, we feel that the lack of observable flux rel-
egates this entire discussion to the realm of philosophy.
Since this effect can never be observed in nature, it is
therefore not a viable means for studying dark matter
annihilations, Planck scale physics, nor any other novel
physical phenomena.
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